operation he had a hemorrhage which was soon controlled and he could not have lost more than a few hundred cubic centimeters at most, yet his estimated volume at this time was 2,660 cc., or 54 per cent of normal. This means that his blood volume must have been low before the secondary hemorrhage. Other cases have shown a diminished volume at a much longer time after the primary hemorrhage. Case 7, as shown in , had, 7 days after the primary hemorrhage, a blood volume of only 3,350 cc., or 62 per cent of the normal volume. Another patient gave no history of secondary hemorrhage, yet 9 days after he was wounded the blood volume was only 3,000 cc. Again, a man wounded 6 days previous to the blood volume test showed a volume of 2,650 cc. The restoration of volume in the last three instances may have been slower than is usually the case, but at any rate it would seem that in wounded soldiers several days usually elapse after a severe hemorrhage before the blood bulk is made up.
The lack of prompt dilution of the blood after hemorrhage would seem to be due chiefly to an insufficient quantity of reserve fluid in the tissues, since it is from this reservoir that the circulation obtains new supplies of plasma. In other words, the body fluid reserves are low in wounded men, and they must be made up before the blood volume can increase. There may be other reasons why the dilution of the blood is delayed; but the striking fact is, as we have found, that if these patients are given large quantities of fluid by the alimentary tract their blood volume increases rapidly.
Effect of Forced Fluids on Blood Volume.
We were first led to try the effect of forcing fluids by finding that even after transfusion the blood volume was still far below the normal and remained low for some time. One patient who had a blood volume of 2,723 cc. before transfusion showed an increase in volume to only 3,886 cc. 8 days afterwards. However, when such a patient was put on forced fluids--water by mouth, and in certain cases saline solution by rectum as well--the volume showed a surprisingly rapid increase which was maintained. Text- fig. 2 illustrates well the effect of a large fluid intake. In this case the volume did not rise to any extent until the fluid intake had been markedly increased. During the 1st day after transfusion the intake was only 1,000 cc., with the result that the volume rose only 150 cc. The succeeding day, however, forced fluids were begun and the patient took in 2,750 cc. with a consequent marked rise in volume which was still further increased by the following day, when it reached normal. It is interesting to note that thereafter in this case although the large fluid intake was maintained for several days, the hemoglobin could not be forced below 53.5 to 55 per cent, which indicated that the volume had been restored.
Case 8 (Text- fig. 8 ) was put on forced fluids about 6 hours after transfusion. Unfortunately the hemoglobin could not be obtained before or immediately after transfusion. At the time the fluids were started the hemoglobin reading was 66 per cent. During the course of the next 22 hours the patient took in a large quantity of fluid, both water by mouth and normal salt solution by rectum, and the hemoglobin per cent showed a drop of 20 points, indicating a marked increase in blood bulk. Volume tests were not done in this case.
Fluid Intake and Output.--We have a further indication that the fluid reserves are low in these cases from the fact that the output of urine was at first very small compared with fluid intake. In Case 8 the intake during the first 22 hours following~ transfusion was 4,400 cc., while the output was under 800 cc., or less than one-fifth the intake. This marked diminution of relative fluid output occurs only while the volume is increasing rapidly. As soon as the volume has been made up, the relation of intake to output returns to the normal proportion, roughly speaking of 3: 2. In Case 7 (Text- fig. 7 ) the intake during the first 24 hours was 4,800 cc., the output only 770 cc., approximately 6 : 1. During this time the blood volume had increased from 3,350 cc. to 4,715 cc. In the following 24 hours the intake was 3,850 cc. and the output 1,800, about 2: 1. The volume showed only a slight increase during this time--100 cc. The next day the output was almost as large as the intake. The volume by this time was approximately normal.
Rapid Absorption of Fluids Given in Large Quantities.
In the Treatment of Itemorrhage.--The prompt way in which fluids taken into the alimentary tract caused an increase in volume of the blood led us to wonder whether hemorrhage cases might not be treated by this means alone. Even if an increase of only a few hundred cubic centimeters of plasma could be brought about within an hour or so, this might be sufficient to tide the patient over the critical point, provided his blood pressure began to rise very soon.
The results in the first case treated in this way are shown in Textfig. 5 . This patient had three hemorrhages in 12 days. Following the third, which was not very severe, the blood pressure was somewhat below 90 ram. of mercury. When the first observations were taken the patient was on the operating table and his arm was being manipulated. The pressure at this time was 75 ram. The first hemoglobin observations were made at 7.35 p.m.: ear hemoglobin 30 per cent; vein 26.5 per cent. This difference showed a good deal of circulatory insufficiency in view of the fact that the hemoglobin per cent was at such a low figure. The systolic blood pressure was then 90 ram. Forced fluids were started an hour later. At 10 p.m. he had another small hemorrhage, which was shortly controlled but caused a drop in pressure from 95 to 80 ram. However, the pressure recovered fairly quickly and by 3 a.m. had reached 105 ram. The pulse had dropped from 140 to 115. By 9 a.m. the next morning the patient had taken 3,000 cc. of fluid, chiefly by mouth, the blood pressure had risen to 115 ram., the hemoglobin had fallen to 23 per cent, and the ear and vein blood gave the same reading. The estimated volume increase during the night was 600 cc. In the course of the day the blood pregsure showed a downward tendency, and the ear and vein hemoglobin became separated by 1 point. This is not, however, outside the margin of error. The patient was so anemic that in spite of a high per cent of reticulated red blood cells transfusion seemed indicated. His total hemoglobin was only 15.9 per cent of normal. The hemoglobin rose to 40 per cent after transfusion. A vital red test Inade just after transfusion gave a volume of 4,010 cc. Subtracting 800 cc. of fluid introduced would give him a volume of about 3,210 cc. before transfusion.
Although transfusion was finally performed, it seems evident that forcing fluids after hemorrhage tided the patient over the immediate emergency, by increasing his volume sufficiently to bring the pressure up to r~ormal. Unfortunately the fluid output was not recorded. The patient did well for 7 to 8 days, when his arm became septic. A vital red test at this time showed the same volume as before. This condition of sepsis persisted for some time, then finally cleared up, and the hemoglobin which had remained almost stationary began to rise markedly. The final volume was 4,675 cc. It was felt afterwards that the blood pressure might have been raised more rapidly in this case had the fluids been pushed more energetically at first. In the subsequent cases larger amounts of fluids were given in the first few hours. It was found that these patients could absorb saline enemata at relatively short intervals. Continuous rectal drips were also used.
Case 7 (Text- fig. 7 ) illustrates the effect of a more intensive fluid administration. This patient had bled 7 days previously and was apparently doing well at the Casualty Clearing Station. When first seen on June 2, 10 to 12 hours after a long ride on an ambulance train, he had a systolic blood pressure of 93 ram., a diastolic pressure of 68 ram., a feeble pulse though not rapid, an ear hemoglobin of 56 per cent, and vein hemoglobin of 50 per cent. He showed no evidence of sepsis, and it was felt that his poor Circulatory condition was due to a low blood volume rather than to any actual hemoglobin lack. At 11.10 a.m. forced fluids were started,--all the water he could drink and saline enemata of 250 cc. (8 ounces) every hour. Within half an hour he had taken 900 cc. His blood pressure had increased to 96 ram. At the end of an hour the intake was a little over 1,000 cc. The blood pressure was 98 ram. Within 11 hours he had taken 1,150 cc.; his systolic blood pressure had reached 106 ram. and diastolic 70 ram., an increase in pulse pressure from 25 to 36 points. The ear hemoglobin had dropped to 49 per cent and the vein to 47 per cent--a difference now of only 2 points, showing an improvement in the circulation coincident with the increase in blood pressure. 2 hours later, that is 3½ hours from the time the fluids were started, the patient had taken in 1,664 cc., the systolic blood pressure was 110 ram., the pulse pressure was 35 ram., and the ear and vein hemo- An operation was then performed. The blood pressure showed a marked rise under the anesthetic to 148 mm., with a subsequen[ drop to normal. Forced fluids were continued. By 7.30 a.m. the following morning the intake had reached 4,800 cc., the output was 768 cc., the hemoglobin had fallen to 39 per cent, and the reticulated cells had increased from 2.4 to 8 per cent. A second vital red estimation showed a volume of 4,715 cc. The marked deficiency in blood volume and hemoglobin which had existed at first were now strikingly apparent. The hemoglobin remained practically stationary now for 24 hours, while the blood volume showed a gradual, increase which Could be accounted for largely by the high per cent of new cells. The reason the volume did not increase to normal at once is probably that given in Paper I; 2 namely, the action of a certain adjusting mechanism whereby very anemic blood is not permitted to undergo further dilution after a sufficient fluid bulk has been put in circulation to give a good blood pressure. The explanation for the subsequent drop in volume from June 6 to 9 is not clear. As regeneration progressed there was a wide separation of the hematocrit and hemoglobin readings which came together again at the end of 4 weeks.
As Indicating Degree of Blood Loss.--It has been pointed out, in connection with the cases just described, that the degree of dilution of the blood when fluid is forced gives an index of the amount of blood lost. In all these cases, however, the initial hemoglobin per cent was moderately reduced when the patient was first seen, indicating that considerable hemorrhage had occurred, although it told us nothing as to the amount. There is another type of case in which it is impossible to tell by looking at the patient whether there has been any appreciable Robertson, O. H., and Bock, A. V., J. Exp. Med., 1919, xxix, 139. hemorrhage. The hemoglobin does not help since it is approximately normal. The blood pressure is low, but that is said to be due to shock. A case of this type is shown in . This patient had been run over by an engine; both legs were crushed. It could not be ascertained how much he had bled. His ear hemoglobin was 94 per cent, and vein hemoglobin 88 per cent; the systolic blood pressure was 65 ram. The genera] opinion was that he was suffering principally from shock. He was put on fluids by rectum shortly after admission, but these were not pushed energetically enough. At the end of 2 hours operation was considered indicated, and as the pressure had not risen appreciably, he was given 550 cc. of gum acacia. A double amputation was done. During this time he had received 500 cc. of saline solution by rectum--a total of 1,050 cc. of fluid. The hemoglobin was again taken and read 61 per cent vein and 63.5 per cent ear. Fluids were kept up and by 5 p.m. the following day the hemoglobin had fallen to 50 per cent with the ear and vein readings the same. During this time, about 33 hours, he had taken in 5,720 cc. of fluid and put out only 832 cc, For the first 22 hours he passed no urine. The only interpretation possible for this markedl drop in hemoglobin from over 90 per cent to 50 is that the patient: must have had a marked hemorrhage at the time of injury, losing almost half his total blood. Although there may have been shock in this case, and there probably was, yet his symptoms, low blood pressure, collapse, etc., could all have been due to the tremendous and rapid reduction in blood volume.
Indications for, and Use of Different Methods of Treatment in
Hemorrhage.
Estimation of the Actual Condition of the Circulation.--In attempt-
ing to determine a patient's condition after hemorrhage with a view to deciding on the most suitable form of treatment, it is of the greatest importance to think of the state of the circulation in terms of absolute blood loss. Methods Employed. (a) Transfusion.--As already pointed out, the principal indication for transfusion is the need of more red corpuscles --oxygen carriers. We have come to feel that when the total hemoglobin falls to 25 per cent the infusion of new blood is indicated. Although a patient can live with a total hemoglobin lower than this, ihis margin of safety is not very great. Another hemorrhage, perhaps even a small one, may be more than he can stand. The restoration of the blood volume must also be considered in this connection. We have seen that in the presence of a much diminished amount of hemoglobin, no matter how large a quantity of fluid is given, the blood volume does not show any marked increase until new hemoglobin is added to the circulation. Furthermore, such a patient is not in a proper condition to combat sepsis, since his tissues are getting only a bare sufficiency of oxygen. Experimentally Rous and Wilson 3 found that animals made anemic acutely by bleeding did not survive when the total hemoglobin fell to one-fifth of the normal, even though the blood volume was kept at normal. On the other hand, as these investigators showed, a hemoglobin value of one-quarter of the normal was sufficient for body needs provided the blood volume was promptl!~ restored.
(b) Gum Acacia.--With the total hemoglobin above 25 per cent the form of fluid treatment best suited to the case depends on the severity and urgency of the circulatory condition. If the condition is such that an immediate and large addition of fluid bulk to the blood is demanded, there is no question but that gum acacia fluid should be given intravenously. A falling blood pressure of 70 ram. or less, with a rapidly rising pulse and general distress will indicate this course.
(c) Forcing Fluids by Alimentary
Canal.--There is a large class of hemorrhage cases in which the condition is less urgent than in those just described, yet sufficiently severe to demand prompt treatment. It is in this. class of case that forced fluids by the alimentary tract seem to be of particular use. The fluids should be given as rapidly as the patient will take them--water by mouth and normal salt solution by rectum. The patients will retain at least 250 cc. (8 ounces) given by rectum every hour and when the blood loss has been marked this amount can be given every half hour. The forcing of fluids should be kept up for at least 24 hours and better for 48 to 72 hours, so that the fluid reserves are restored as well as the blood volume. This last applies to the cases treated intravenously also. It seems questionable whether non-colloidal solutions, such as salt solution, Ringer's solution, etc., given in other ways, have the same beneficial effect as fluids by the alimentary tract. Salt solution given intravenously has been definitely shown to be eliminated from the circulation very rapidly and often leaves the blood more depleted than before. Whether solutions given subcutaneously would work as well as by rectum is not known. Theoretically with a failing circulation such fluid would be absorbed only very slowly. The peculiar benefit from a Rous, P., and Wilson, G. W., J. Am. Med. Assn., 1918, lxx, 219. forcing fluids by mouth and rectum is that a fairly large percentage of such fluid appears to be added to the circulation in the form of blood plasma. We wish to emphasize again that the methods described above of estimating the total blood loss and the indications for its treatment have been applied only to cases of secondary hemorrhage or cases of primary hemorrhage seen 24 hours or more after the blood.loss.
DISCUSSION.
Significance of Diminished Blood Volume.--The relation of blood pressure to a markedly diminished blood volume is evident. In order to keep the circulatory system filled, a certain minimum of circulating fluid is necessary. The dangers of a low blood pressure are well recognized, and one of the most obvious procedures in medical practice in such conditions is to introduce fluid of some kind into the circulation in order to raise the blood pressure. But is raising the blood pressure to normal all that is necessary? We have shown that the blood pressure may be normal with a reduction in blood volume of 25 to 30 per cent. Unless the volume is further reduced, there may be no drop in pressure. The adaptive mechanism which enables the vascular system to adjust itself to a small blood bulk in 5rder to maintain a normal pressure must have a limit, and without performing actual blood volume tests one cannot say in any given case how near the limit of such compensation the individual is. Furthermore, the maintenance of a normal pressure with a diminished volume depends entirely on a vasomotor mechanism which is responding well to the increased demands made by these abnormal conditions. The circulatory balance may be on the verge of profound disturbance, but as long as the patient is quiet and at rest the compensation is held. However, if an increased strain is put on a circulation in this condition, such as an anesthetic, operation, infection, or recurrence of blood loss, the vasomotor mechanism may fail and a drop in blood pressure result. We have not had an opportunity to study in detail many instances of this kind but have observed several Cases in which there was a good blood pressure with a reduced volume, and in these the reaction to increased strain seemed to be the result of the circumstances just outlined. An example of this is Case 3 (Text- fig. 3 ) who had a blood pressure of 105 ram. before operation and a blood volume diminished to about 70 per cent of normal. (The blood volume was not taken before operation, but there is no reason to suppose that it changed much during this brief period as there was very little blood lost except in the amputated limb. The initial volume was probably a little under 70 per cent since the final volume, though not obtained, would probably have been about 4,800 cc.) During the operative procedure the pressure fell rapidly till it reached 70 ram. At this point the patient was given 600 cc. of gum acacia. It would seem in this instance that had the blood volume been a little greater the drop in pressure might have been avoided. If these inferences are substantiated, it is obviously important to restore the blood volume beyond the degree necessary merely to raise the .blood pressure.
Possibilities in the Early Use of Forced Fluids after Primary ttemor-
rhage.--All the evidence at hand goes to show that restoration of the blood volume after hemorrhage depends primarily on the content of the body in reserve fluids. When the fltlid reserve is low such restoration can take place only to a very limited degree, and the result is a persistent absence of blood dilution. It is probable that after a severe hemorrhage even a normal fluid reserve cannot supply sufficient plasma to restore the blood volume, and additional fluids are needed. 4 The reason for persisting low volumes after primary hemorrhage in the battle zone seems to be due principally to two factors. In the first place, the soldier in the trenches usually has a minimum to drink, and during an engagement he may go for several days with a very small fluid intake. The result is that his fluid reserves become much diminished. A hemorrhage at this time makes a demand for a new supply of fluid for the circulation which cannot be met, or at least met only inadequately. In the second place, after hemorrhage has taken place, no attempt is made as a rule to increase the patient's * Rous and Wilson showed experimentally that after repeated hemorrhage, amounting in all to about half the animal's blood bulk, the tissue fluid reserves were so depleted that the animal could no longer restore its volume. But far greater hemorrhages were withstood when the blood volume was promptly made up. fluids. He is thirsty and may get a certain amount of water, but often in a rush he gets comparatively little attention, as his great need for increased fluid is not realized. A further factor which undoubtedly tends to diminish the reserve fluid of the body is the profuse sweating so frequently seen in patients suffering from severe hemorrhage.
It is felt by the writers that much can be done in the treatment of primary hemorrhage by the early use of fluids as outlined above. There is no reason to believe that the circulation will not absorb fluids from the alimentary tract after primary hemorrhage, in the manner demonstrated after secondary hemorrhage. Water by mouth and salt solution (possibly even water) by rectum could be started at advanced surgical stations and continued at succeeding stations. The patients might even be supplied with water to drink during the ambulance and train journey, every effort being made to give them as much as possible. It seems probable that if these measures were thoroughly carried out in patients with hemorrhage much so called shock might be avoided, since the long journey from the advanced surgical'units to the Casualty Clearing Station must put a very great strain on a circulation hampered by a low blood volume. Also in patients with a tendency to hemorrhage the importance of having the tissues well charged with fluid is evident.
We do not mean to convey the impression that we are in any way advocating forced fluids as a substitute for either gum acacia or blood transfusion. The unique value of these forms of intravenous treatment in appropriate cases is unquestioned. It is as an additional measure that an abundant fluid intake is suggested. Since fluids by the alimentary tract are so easily given, many cases of hemorrhage that cannot be transfused or infused might be aided in this way. Furthermore, in cases of moderate hemorrhage, at least, many transfusions and infusions might be saved if the restoration of the blood volume were begun promptly.
SUMMAlZY.
Blood volume tests made on a number of soldiers recovering from hemorrhage have shown that in many instances dilution of the blood occurs very slowly. The principal reasons for this seem to be (a) an initial lack of reserve fluid of the tissues, and (b) the absence of any subsequent attempt by the body to make up this fluid deficiency.
By putting such patients on a large fluid intake by mouth and rectum it has been found that their blood volume can be promptly and greatly increased. Hemorrhage cases transfused, yet still showing a low blood volume, were first treated in this way. Then the effect of forced fluids without transfusion was tried. Immediately after a hemorrhage, or as soon as the patient came under observation, he was given large quantities of water by mouth, and salt solution by rectum. Under such treatment the blood pressure soon began to show a progressive rise, the volume increased, and the red cells became more evenly redistributed, as shown by the relative hemoglobin percentages of the capillary and venous blood. These changes were often well marked after only 2 or 3 hours of the treatment.
More than this, forcing fluids in cases where the amount of bleeding is difficult to estimate on account of the presence of a high hemoglobin percentage is of distinct value, since the dilution of the blood which results serves to show the extent of the hemorrhage through the drop in hemoglobin that it entails.
In attempting to determine the condition of the patient after hemorrhage with a view to deciding the most suitable form of treatment, it is of much importance to learn the total blood loss--which is often not even indicated by the hemoglobin concentration of the remaining blood. With a total hemoglobin reduced to 25 per cent or under transfusion is needful. New blood is necessary, not only to supply more oxygen-carrying cells, but also because it actually enables the circulation to increase its volume. For, as has been pointed out in Paper I, the hemoglobin percentage must be above a certain point if a rapid restoration of the blood volume by means of the organism's own activities is to come about. With the total hemoglobin above 25 per cent the chief need is for increased blood volume, and if the patient's condition demands an immediate and large addition of circulating fluid, gum acacia solution should be given. If the condition is not so urgent, forced fluids by the alimentary tract are indicated.
The blood volume can be considerably reduced and yet a normal blood pressure maintained. It is pointed out that the vasomotor mechanism which has adapted itself to the diminished blood bulk may in any individual case be very near the margin of its compensatory power. Increased strain in such instances m~y cause a failure of this mechanism with a resulting fall in blood pressure.
The beneficial results of forced fluids after secondary hemorrhage suggest the value of the early use of fluids by the alimentary tract in cases of primary hemorrhage.
We wish to express our appreciation of the help given in this work by Lieutenant Colonel Roger 1. Lee, Medical Corps, U. S. Army, through whom the studies were made possible. We are greatly indebted to him for many valuable suggestions and advice concerning certain directions the work has taken. We acknowledge with pleasure the aid given by Major Binney, Medical Corps, U. S. Army, and his staff of surgeons. We are indebted to The Rockefeller Institute for Medical Research for a considerable amount of apparatus. We also wish to thank Colonel T. R. Elliott for his interest and for apparatus obtained through him from the Medical Research Committee. Shortly after hemorrhage the blood volume (vital red test) was found to be 3,060 cc., systolic blood pressure 80 ram., hemoglobin 42 per cent, hematocrit 17. Immediately after transfusion there was a well marked rise in blood volume, blood pressure, and number of red blood cells. The blood volume continued to increase, while the number of blood cells (red count and hematocrit) fell sharply, indicating blood dilution. A blood volume estimation on the 4th day showed a normal figure. A third hemorrhage occurred at this point, following which the hemoglobin fell to 26 per cent, and the hematocrit to 12. After a third transfusion the hemoglobin rose to 38 per cent, then remained about stationary. The blood volume subsequently fell somewhat. The number of reticulated red cells dropped to almost normal, in spite of the fact that the patient had a well marked anemia (total hemoglobin 31 per cent). This condition persisted until after the amputation of a gangrenous lower leg, when the number of reticulated cells began to increase rapidly. Accompanying the bone marrow stimulation was a progressive rise in blood volume to normal. The hemoglobin per cent remained stationary until the volume had been restored; the total hemoglobin, however, during this time showed a marked increase. TExT-FIG. 2. Case 2, No. 5,442, age 20 years. Wounded Apr. 26, 1918 . Severely wounded in thigh (left). Admitted to No. 13 General Hospital Apr. 27. Brisk hemorrhage during operation controlled by ligature of superficial femoral artery. Immediate transfusion of 800 cc. Severe streptococcus infection followed by good recovery.
EXPLANATION OF TEXT-FIGURES.
Immediately after hemorrhage the estimated blood volume was 2,660 cc., the systolic blood pressure 72 ram., the hemoglobin per cent 64, and the total hemoglobin 35 per cent. Transfusion produced a marked rise in blood pressure, the hemoglobin rose to 72 per cent, and the total hemoglobin to 53. A fall in blood pressure occurred 2 hours after transfusion, but was followed by a rise to normal. 12 hours later a vital red test was made, which showed a volume of 3,615 cc. Observations were begun 24 hours after hemorrhage. During operation the blood pressure fell rapidly from 105 to 70 ram. At the end of ~ short operation the blood volume was 3,265 cc., hemoglobin 61.5 per cent, hematocrit 24. The injection of 580 cc. of 6 per cent gum acacia solution caused a marked rise in blood pressure, and a drop in hemoglobin to 53.5 per cent. The next morning the hemoglobin per cent was the same. A second vital red test at that time showed a volume of 3,844 cc. An estimation of the blood volume from the drop in hemoglobin per cent produced by the injection of 580 cc. of gum acacia gave a volume of 3,925 cc. This agreed fairly closely with the vital red test. With increased fluid intake the volume showed a further rise, and the hemoglobin fell to 45 per cent. After this point the hemoglobin per cent rose progressively. Unfortunately another blood volume test was not made. Observations were begun 16 to 18 hours after hemorrhage; blood pressure 110 ram., hemoglobin per cent 20, hematocrit 9, reticulated red cells 5.4 per cent. The following day the hemoglobin was 24 per cent, blood volume 2,900 cc., and total hemoglobin 15 per cent. The number of reticulated cells increased rapidly. For 2 days the blood volume and the total hemoglobin rose. Then a drop occurred in both these values, due probably to recurrent bleeding. However, with the tremendous increase in blood production (reticulated cells 25 per cent) the total hemoglobin began to rise again sharply, and at the same time the blood volume increased. Within 3 days the total hemoglobin had been. This chart is included in the series for the purpose of showing the discrepancy between the hemoglobin estimations on capillary and venous blood in the presence of lowered blood pressure. When the first observations were made--some hours after hemorrhage--the hemoglobin in blood from the ear (marked E in the chart) was 48 per cent while that in the venous blood was 40 per cent. With a rise in blood pressure following transfusion this discrepancy diminished and the two readings finally became the same when the pressure reached 110 mm. No. 21, 160, age This case is described fully in the text, page 159. The chart shows that the initial blood volume was only 62 per cent, but when treatment with forced fluids was instituted it rapidly increased to the normal. During this period of recovery there was marked fluid retention. TExT-FIG. 8. Case 8, No. 53,327, age 39 years. Wounded Apr. 29, 1918 . Entrance wound below knee (right). Rifle bullet removed from groin. Fracture of lower third of femur. Moderate sepsis but wound apparently clean May 8. Uneventful course until May 12, when he had two hemorrhages. Femoral artery tied after transfusion of 450 cc. of blood and infusion of 800 cc. of saline solution. Died of gas bacillus infection May 14, 1918.
Immediately after transfusion the systolic blood pressure was 50 ram., diastolic 35 ram.; there was a well marked rise in pressure, after transfusion, to 120 ram. Observations on the blood began at this point. These are fully described on page 157.
T~-XT-FIc,. 9. Case 9, civilian, age 29 years. Wounded June 25, 1918. Partial amputation of both lower legs by train June 25. Observations begun 1 hour later. Operation approximately 3 hours after accident. Amputation of lower third of both thighs. During operation infusion of 550 ce. of gum acacia 5 per cent. Transferred to civilian hospital June 26. Good progress. This case is described fully in the text on page 161.
